resuspended in 50 fil of distilled water, and 5 fil was combined with SDS gel loading 
buffer (which dissolves the inclusion bodies) and analyzed electrophoretically, along 
with an aliquot of the supernatant. 

If the cloned protein is found in the inclusion bodies, it may be released to 
assay the cleavage and polymerase activities and the method of solubilization must be 
compatible with the particular activity. Different methods of solubilization may be 
appropriate for different proteins, and a variety of methods are discussed in Molecular 
Cloning (Sambrook et aL 9 supra). The following is an adaptation we have used for 
several of our isolates. 

20 fil of the inclusion body-water suspension were pelleted by centrifugation at 
14,000 rpm for 4 minutes at room temperature, and the supernatant was discarded. To 
further wash the inclusion bodies, the pellet was resuspended in 20/xl of lysis buffer 
with 2M urea, and incubated at room temperature for one hour. The washed inclusion 
bodies were then resuspended in 2 fil of lysis buffer with 8M urea; the solution 
clarified visibly as the inclusion bodies dissolved. Undissolved debris was removed by 
centrifugation at 14,000 rpm for 4 minutes at room temperature, and the extract 
supernatant was transferred to a fresh tube. 

To reduce the urea concentration, the extract was diluted into KH 2 P0 4 . A fresh 
tube was prepared containing 180 pi of 50 mM KH 2 P0 4 , pH 9.5, 1 mM EDTA and 50 
niM NaCl. A 2 fil aliquot of the extract was added and vortexed briefly to mix. This 
step was repeated until all of the extract had been added for a total of 10 additions. 
The mixture was allowed to sit at room temperature for 15 minutes, during which time 
some precipitate often forms. Precipitates were removed by centrifugation at 14,000 
rpm, for 15 minutes at room temperature, and the supernatant was transferred to a 
fresh tube. To the 200 fil of protein in the KH 2 P0 4 solution, 140-200 /xl of saturated 
(NH 4 ) 2 S0 4 were added, so that the resulting mixture was about 41% to 50% saturated 
(NH 4 ) 2 S0 4 . The mixture was chilled on ice for 30 minutes to allow the protein to 
precipitate, and the protein was then collected by centrifugation at 14,000 rpm, for 4 
minutes at room temperature. The supernatant was discarded, and the pellet was 
dissolved in 20 fil Buffer C (20 mM HEPES, pH 7.9, 1 mM EDTA, 0.5% PMSF, 25 
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mM KC1 and 0.5 % each of Tween-20 and Nonidet P 40). The protein solution was 
centrifuged again for 4 minutes to pellet insoluble materials, and the supernatant was 
removed to a fresh tube. The protein contents of extracts prepared in this manner 
were visualized by resolving 1-4 pi by SDS-PAGE; 0.5 to 1 ftl of extract was tested in 
the cleavage and polymerization assays as described. 

E. Protein Analysis For Presence Of Nuclease And 
Synthetic Activity 

The 5' nucleases described above and shown in Figs. 4 and 5 were analyzed by 
the following methods. 

1. Structure Specific Nuclease Assay 
A candidate modified polymerase is tested for 5' nuclease activity by 
examining its ability to catalyze structure-specific cleavages. By the term "cleavage 
structure" as used herein, is meant a nucleic acid structure which is a substrate for 
cleavage by the 5' nuclease activity of a DNAP. 

The polymerase is exposed to test complexes that have the structures shown in 
Fig. 16. Testing for 5' nuclease activity involves three reactions: 1) a primer-directed 
cleavage (Fig. 16B) is performed because it is relatively insensitive to variations in the 
salt concentration of the reaction and can, therefore, be performed in whatever solute 
conditions the modified enzyme requires for activity; this is generally the same 
conditions preferred by unmodified polymerases; 2) a similar primer-directed cleavage 
is performed in a buffer which permits primer-independent cleavage, i.e., a low salt 
buffer, to demonstrate that the enzyme is viable under these conditions; and 3) a 
primer-independent cleavage (Fig. 16 A) is performed in the same low salt buffer. 

The bifurcated duplex is formed between a substrate strand and a template 
strand as shown in Fig. 16. By the term "substrate strand" as used herein, is meant 
that strand of nucleic acid in which the cleavage mediated by the 5' nuclease activity 
occurs. The substrate strand is always depicted as the top strand in the bifurcated 
complex which serves as a substrate for 5' nuclease cleavage (Fig. 16). By the term 
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"template strand" as used herein, is meant the strand of nucleic acid which is at least 
partially complementary to the substrate strand and which anneals to the substrate 
strand to form the cleavage structure. The template strand is always depicted as the 
bottom strand of the bifurcated cleavage structure (Fig. 16). If a primer (a short 
oligonucleotide of 19 to 30 nucleotides in length) is added to the complex, as when 
primer-dependent cleavage is to be tested, it is designed to anneal to the 3' arm of the 
template strand (Fig. 16B). Such a primer would be extended along the template 
strand if the polymerase used in the reaction has synthetic activity. 

The cleavage structure may be made as a single hairpin molecule, with the 3' 
end of the target and the 5' end of the pilot joined as a loop as shown in Fig. 16E. A 
primer oligonucleotide complementary to the 3' arm is also required for these tests so 
that the enzyme's sensitivity to the presence of a primer may be tested. 

Nucleic acids to be used to form test cleavage structures can be chemically 
synthesized, or can be generated by standard recombinant DNA techniques. By the 
latter method, the hairpin portion of the molecule can be created by inserting into a 
cloning vector duplicate copies of a short DNA segment, adjacent to each other but in 
opposing orientation. The double-stranded fragment encompassing this inverted repeat, 
and including enough flanking sequence to give short (about 20 nucleotides) unpaired 
5' and 3' arms, can then be released from the vector by restriction enzyme digestion, 
or by PCR performed with an enzyme lacking a 5' exonuclease (e.g., the Stoffel 
fragment of Amplitaq™ DNA polymerase, Vent™ DNA polymerase). 

The test DNA can be labeled on either end, or internally, with either a 
radioisotope, or with a non-isotopic tag. Whether the hairpin DNA is a synthetic 
single strand or a cloned double strand, the DNA is heated prior to use to melt all 
duplexes. When cooled on ice, the structure depicted in Fig. 16E is formed, and is 
stable for sufficient time to perform these assays. 

To test for primer-directed cleavage (Reaction 1), a detectable quantity of the 
test molecule (typically 1-100 finol of 32 P-labeled hairpin molecule) and a 10 to 100- 
fold molar excess of primer are placed in a buffer known to be compatible with the 
test enzyme. For Reaction 2, where primer-directed cleavage is performed under 
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